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£ ^^MSr, ^^}^>^ *V°]3S n7fl^ eflojo^ ^*>^ ^ Til (SI), 

ojo}o} ojcq ^ ^ kl . O o. s A-fl^^ ^f^KS2) , k<*H l-£ c]*H A flS£ k&JLS *|#^ 
^ # Til (S3), 7l#ofl a]c gflojo^ ^Tfl (S4), a]s eflo|o^ ##7.fls» 

3.^^ #7il(S5), sflB^* -f-sfl #^7flfi iS*g<Hl ^ 3l°H-§- ^*Rr £ 

31 (S6), ^ eflol^l- 3^«Hf #7i](S7), ^ ^Tflfi ^n>^ 

^ ^)(S8), k*i^ ^ ^]}o]o]9\. k+ 1*1*11 ^ 5flol^o| io] Cfe^u}- afl^^ ^^]7> CJ-.& 

*1 ^-£l*Kr #31 (S9), #7] #?!KS9)o]H k»l*fl ^ efl°H^ k+Hd*fl ^ BlM^o] ^r°l 

^^7> cf€- <^}€ ^ $H ^ls. efloH-I- ^7)^°.^ 

^*Rr #31(S13), ig ^ofl ^7flS# 3^*>fe- ^I(SIO), k7> n-4 S^-ol*|. 

k7> n^f ^1 ^ ^-f #7] #7fl(S3)5. S]l-o>7> o] c^l## ^«5>^ 

3KS11), k7> n4 ^ ^ 71*. ^TflS. ^ A}= eflol^s- ^ZJ-SH €*Rr *W 

^1^-8; QS.^ #31(S12)# i^Rr -31^*1 3^ "WHS. J=L=o] c}]^ 

■& ^°fl ^elH MEMSM-, LIGA sfltfl*] ^ ^ ^flj-g. o]^.^ -H^ 

3*>€ "WHS -Sj^s] aflaw 7B=r*}tf. s.^] > 4^.^. dWhS. ^-^l^KE, efl 

rgofl n)-^. aj-^ofl o^^1]a^| ^^)-ol 7>^*>cf. 
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3*R1 *Ha3. cfl^= aJa> « o v^ {Mass Production Method for 

Three-Dimensional Micro Structure having High Aspect Ratio} 



£ 2^ £ ^ofl rrj-Sr nfolHS. ^^>7l ifl*H 71^1 

H 3^ £ 2°1H ^ofl jp-^Kr i§^*Rr 5L^. 

£4c£ 3<HH ^t£s} ^^ofl ^*f^ -^^-i- ^5Rr 
^ 5^ 5L 4<HH ^t^H} ^jofl *^gf^ i§^Kr 
£ 6^ £ 5<HH ^j-g. ^*Hr 

£ 7^ 51 ^t}^ -g^Rr JE^. 

51 8£- 51 7ofl^ i^sj ^ofl Jpr^Kr -g^Rr 51^. 

£ 9fe £ 8<M ^<5Rr ^* ^*rfe H^. 

£ 10^ £ 9^]Ai ^tg-g ^ofl ^^Kr ^-8: ii^Rr 51^. 
£ £ 10<>1H ^.^ojl JMr^Rr ^-§: -£^*Rr 51<3. 

£ 12^ 51 HoflAi ^ofl JMr^Rr -g^SRr 51^. 

£ 13£ £ 12oflAi -gxgjg ^ofl j^SRr ^SRr 5=^. 
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£ 27^: ^ Cf^ ^*HH 44 ^4 ^44 5fl^^ ^4^ ^ 

£ 28^8: JE. 27^1 4 *4p<s}-^ ^g-g. ^^Hr 

£ 29^ 5L 28<*fH ^<H1 ^4^ ^-g- ^4tt 

£ 30^ £ 29<HH 3^Kr -g^SRr 
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£ 31-& £ 30°1H ^*Rr ^^-1: ^«Hr E^. 

£ 32^ £ 31°1H -£^€ ^ofl ^Mr*Kr ^§-g- -i^^ E^. 

£ 33-8: £ 32<HH ^-^^r ii^Rr E^. 

E 34^ £ 33^H ^ofl -^*Kf- ^*Rr 

•S- 35^ E 34oflA^ ^^o)] ^*Kr ^*Rr E^. 

E 36^ £ 254M ^^o)j Jr^- ^-g- E*3. 

-£ 37^ E 36°1M -i^^ E<£. 

-£ 38^ E 37<*lH ^ofl JMr*>£r -g^Rr E^. 

E 39^ E 38°1H ^rg^ ^^oil :f4r*Rr -S^*Hr E*£. 

E 40£r E 27 ^\*\ E 39°1M ^ofl n^-ej- ^a> 7 > ^oj) 

^E. 

l: ^e]^ 71 3ft 

2: A]= Z]]o}o] 

3, 6, 9, 11, 15, 18, 20: #^flS efloH 
5, 8, 10, 12, 14, 17, 19, 21, 22: =4? z]]o)o] 
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13: u>ol3. S 

26: * r °1.5L3. 

27, 28, 29: a]= eflojc^ 

40: o>^a. 



<5l> fi. m^o. 3 ^o| rfl^o.^. ^a].^. ^ oi- Hj-^ojl ^ o.^ > 

^JlsL-^r -H^till- ^ 3*r€ *MH.3. -*f## cfl^ ^ oi^ wj-^ofl ^ 

<52> H^l, nj-olas j^<q cfl^ ^av^ ^e]^ 7ltiVo.s ^ MEMS(Micro 

ElectroMechanical System) ^^fl MEMS ^s]^- 

A >-g-^H, ^(dry etching), ^(wet etching), ^Se^ZLE^ 

(photolithography), ^ &\ ^ (sputter ing) , JE^plating) ^^§r ^ 

v}o)3.sL rfl^S. ^l^-^rcf. zi^uf, MEMS 7l#^ 7l£-2j o_S ^-g-^- ^ *fl S 7> 

<53> ^V^ > LIGA(LIthograpie Galvanofomung Abformung) ^^£r, ^ ^f-sfl 

o. ^o] 3S #=(mold)# °l-§-*f^ ^^AS W-ola.^ cfl%= ^H?}^ ti 0 >^olc). 

. LIGA ^^9] ^-f, ^ 5*^ ^lsr^, , ^ J±cf 
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uf^flxl^nV, 7%A\7\ ^^lM- ^7} ^^.tq- &^o] -JjL^o] 3 o.^ 

TT *H*H*f *}-g-^ ^ ^tb, °}eHl ^^1^0.S ^*Rr 334 3 ^ ^l-O} J7 

f^wKHigh Aspect Ratio: HAR) u>ol3 S ^^Rr o.^.^ 3^V*1 

^r, MEMS ^-g-^ ^-f , f^wKaspect ratio)7l- ^tfl 30:1^1 ^7?}*] 

^ 7>^-ol 7>^-^>ZL, LIGA ^-f , ^^ti)7> 2]cU 50:1<?I ^h^. ^ 7}^-o] 7 \ 

^ll-ol ^^H) uJ-2}-, 7 0 V £j <g^^ = o] S.^ # ^ol 

3^ ^fl^L* A>-g-^- ^7} flfe ^-f7> ^7>*>J1 &t}. nfolas ^^71^ ^-f , 

tMl7> $1^^. o]oH <g^^- m^o] -f-^V ^ 1st 3^^^ ji^a]* 



\^*%6\ o]=j77> r>\±= 7}^ ^MU 

^ ^A>ofl ^^-JL, =-4? TfllL* A}-g-S>o} ojo^ 3^ ^AT-o^ ^ o}- j7 

ell^HS 7H>^ ^-^Rr ^711 (a), 7m°)l Al= 5fl°H» ^*Rr ^711 (b), 
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(c), sflBH-i: *«fl, -*7l ^(aW-M £^ p>o13 S eflo]^ tg^l-ofl Sfl^Rr 

-8- A oM ##*1|iL iEL^ eflol^ofl #31(d), J£^-§- *?H| ^lS^-fc ^ 

*fl *fl$H ^ e1°l^t <8-8*Kr #31 (e), #71 ^ efloloi^- #7] 

eH°l°i2l A cJ-#* ^j*}3l <3*Wb # 31(f), ^-71 #3l(fHH ^*>31 # $H 

3lfi-& i^s] Jf^s iS^SH #^MlL ^Ht *g^*Hr #3l(h), ^-71 #31 (a) 

<HH eflolc^^ s AV 7 j cfTjl(d) ifl^l #7j #3l(h)« tj| -§-*}■ 

^ ^ efl°Ht 3^>#*1 l^sfe #3l(i) 31 ^7) #31(i)7> #IL^ ^, 7m, ##3|JL 
^ — z]]o]o]^- aizv^ ^Tl^H *}°lHi2. Jf ^ #3l(j)* i^-^Tr 3# ^ 

<58> ^7lAi, A o V 7 ] ^Tll(f) ^ #31 (h) ^^Hl^, ##7flS iEL^ ^1^7} Cf^l ^3 

71 ^^*V31 # $H sfloHSf -g^*); ;flfiS ##<H^lfe g}=£r ¥^1^ 

AlJ= e^lo^- cj^(g)» e| 5L^-J£Mo) ^ o. 7 > ^Cf. 

<59> <^7H, aJ- 7 | ^TlKa)^ ^>o]35. ^jo s £-^H- 740] y^^c}. 

<60> ^7lA^ ^TflCb)^ #7] 71 ^S]^. #^^^S ##^^ J7 > ^- 7 ] 5fl o] <>) 

3HH^ Oj-^ ^ ^o\) <2]*fl ^71 7>^- -a-ofl ^ ^ 5] ^ % 0} uf^^c}. 

<61> C^Ai, ^7} cJ-TjKc) ^ #7fl(f)£} #7} ##3|iS- 3-*% ^ °1 3. ^^.g. 

A>^-e>Jl -^7fl# 200 300^5. ^*Hr ^Jo] ti>^-3l^l-Cf. 

<62> <^7H, ^-71 #3l(d)^ ^"71 7}<2]^i Tjl^^ , X^i 7fl<l^ ^ ^ efl o] 7-] <>| 
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<63> <$7]A\, ^7} ^:7fl(d)^ 2flBl^ ^*1H i^H^M^ S^o} 4^3^ ^ *fl % 

<64> ^7^, ^-71 ^Til(f)^ 5fl^ S^r CM ^«fl o]=c^^^ ^ a}^*] . 

<65> <$7]*\, ^7) ^*Rr ^ ^, #4? ^H^tS. A-) 



°l*h #S*H ^^l w>^-^t!- ^Hll- ^M1*>711 ^^tb^f. 

S. 2 14*11 tt 5L 1*11 5L^m p>ol3. S sflv^ ^ ^tgofl nfe}- ^IsHr 

H^Rr S.&°) E^l^H Sm-. £ 9 51 13*11 5L*}& ^Aj^ o]^ofl tg>^ 

5L^-#aZ}- *fl^ ^^o]]^ ^^§>7l ^sfl ZLB^ 7}4^ ^*14. 

IE 1*11 ^^3. ^o], p>o]^ S *H^(13)* ^^^*ll ^e^Tfl 

*1 7^*1 eflojo^ 7HVO.S. nflofl^ z^o] eflolc>|s.ol ^-7^)7} *}= 100 

300^3] ^HAi AjEH^^ 7 ^l£S -g-^-Ji, 7J- z\)o]o] 7 \ ti>^Al ^oj^j. 7} 
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<7i> 7l^r(l)ofl a1j= 3H<>K2)-I- ^Wcf(51 2). #7l a]= eflojo^ *UE*)1<?] ^ 

o_ S oj^ojxl^, ^e^ (sputtering), ^M^^KChemical Vapor Deposition: CVD) iE^ 
°ltffls]3H 41 (evaporation)*^ ^^fl #7] ^e]^- 7l^ #ofl ^^^cf. #- 7 j A jc sflol<^(2)fe 

<72> ~L l^g-O.^, A o > 7 ] A ]c eflo|oi( 2 ) ^ofl ^7flS« ^TflS ifL^H ^TflS 

^1^1^(3)1- ^^tfCf(£ 3). <^7H ^S>^ i^^l ^-^]^, ^ ^171- P>Ol3. S 

^^•ir -g-^ ¥?1H tfl-§-*Rr t«Vcf. sj-^ SEKspin 

coaterHl ^*fl *l-?-<^ ^ $1-° ^ , #7] ^^flsLS^r ^ s *r°l5LS.^(Microchem) ^> 
^ SU-8 74)<gS] iSefl^l^HCPhotoResist: PR)-& A>-g-^ 3M <5]-cf . # 7 1 SU-8 ^11 

iS^l^H^r *n|.(/p:^)^^ iSEflxi^HS. ^e) A>-g-s) ji oi^ ^l^oicf. 
<73> zl t}-g- 0.5.^7, 5flE^( P atterning)-i: -f-*fl , £ 1<HH n^a.^. ^(13)21 Eflo] 

3M<H(31)°11 «fl^m ^^-O-S. #71 is^ efloi^( 3 )cHl ^-#(4) 

* ^trtK-E 4). SU-8# Aj~g-<5}^ t§^-, v^te]* iS^H o] 7 ] ufl 

-Sr°fl, ^* ^ ^--g-°l U-Tll^cf. st^v, SU-8^ 7>>^1^ 3)^0] -f^ofl tfl*|] ^ ^ 
°l7l afl-g-ofl X^om- oJ]aH ^o] j^cq ^.g. A>^-^1 ^o> £> 2 00 vfl*l 300^ ^ 

<74> zl Cf-g-O.^^, 3}|E^ ^Sfl ^^flJLofl *8>8€ **K4H £^-(plating)# **fl 

^ 3fl°H(5)» ^#*Vcf(£ 5). ^01^(2)^^ 7 } -f-^j7 Aj-7] =7 

^ 3l<>H(3Hl^r ^717]. co^j ufl^ofl, 3^0. #71 ^-^-^ S7 > *fl7^ ^?_>(4) ^-^-^1 

uY o]^o] ^7fl^4. i^-S(plating bath)!- <=1 -§-*>^ , ^ol^^ w.^^. 
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5L^o] jis^ ^. t }7]} (pitting) ^48 «M &5^h ^ w o v *Hl(antipitting 

agent)!- SL^M] ^7>*H ^r*5W. #7l ^*cHH S.^S\±r 

Til ^-tq-(£ 6). efl^(iapping)olu|- CMP (Chemical Mechanical Polishing)^ £|*fl °l^f- 

°]^. efl^^r tl-'d^l ^oHH^ iaefl^lf ^71^1, CMP^ *V«H1 

efl^§4 CMP* Af-g-^ %o) u\ u>BJ-2i^4. 

<76> tf-g-O.^, iflc^ %5%v}7)} <£v}Q ^ ^7flS.» ^ B\ CfA] ^^§> 

^ ##^5. Sflolol( 6 )^. ^^*Vc}(£ 7). ol ^ o. ov Ai t= 3o11 ca]^ -§^0^ 

<77> £ 8*11 5LA]s} ^-^o]1a^ ; j£ icq - eflol^( 32 )o] ^a o hi cfl-§-^ ^#(7)^ 51 

^3 tiV^-o.^., £ 4 <H1 ^cHH A >-§-^: ^1 S*l(align mark)(*l.£Al )* o] 

<78> £ 90]} S.*]& -g^oflA^, j= 8 ofl £ A]^ ^-?J(7H1 ^ 

efl°l<H(8)-i- ^^4. o] 3^ a o v 7 ] 5= 50^ ^t^^ tiV^ojcf. 
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<79> £ loofl ^-^oil^^, 5. 9°fl ^-^oIlAi ji ^ 

efl^^f CMP* o§P>tbcf. o] s)-^^ £ 6<HH tiV^ojc^. 

<80> 5= noflA^ £ 7 tfl^l JE 10<>1H ii^tr 51 1^ ^ «i^fl 3Ho]( 33 )ofl tflsfl zl 

*m -r*3*Kr ^ £ 5^1 i^-i- *S r o} 3M<>m ^*Kr ^<HH 

(11)1- ^^*>i, #3M)3. 3H<H(H) ^ 0 H1 £ 1^ v-fl i£*f| eflolo]( 34 )oil sfl^>^ ^ 

<82> £ 13^1^ ^ <£<4 Lfl ^01^(34)^] tfl-§-£}^ ^ 

3H<H(12)-1- ^^*>4. 

<83> £ l 4 ol) A-^ 71^-, A]= 31 0) ^ #^M).SL-i- £ = ^ZV^3! ( 180£ J^A]^ O. 

S.^. ^S]^ -r-t>S|-^:-f-(K0H), TMAH (TetraMethyl Ammonium Hydroxides) ^ ^e}^ 

^zv^(et chant )<H] ^JL 4-d\]*\ eg ^ ^ -fj-*]*]-^ o}^ $-x]a)^o_£_ 

3. *fl^£] ^^-^ zj-z* cf^ ^ >4-g-^H -£^3-2-3. ^]z| *r 

cf. nvot Efloj^s. a>-§-^^ ^^Mlfe, ^iTlf 4)tif) HN0 3 :H 2 0=2:l^ -g-^n 

-t- *r-8-*M ^l^tVtf. zi^^i ^-^-^fl^^ ##7fl5-g- ^ ^tt] (remover ^r-g-^ ^ 
*\x=^), ^-f , M-^ sl^-tH s]^(nano remover PG)eHr ^i-g- sl^tHl- A>-g-^>7l£ ^>ji 

38-14 



1020030078423 %% 2004/2/27 

^ ^*<HH =rMtf°m TMAH# *l"g-SM ^e)^# ^7]^ ufl #^3.7} 

Si n>olHS. *fl*|-« ^ ^tHf ^ ^^*>7l ^*fl» ^*Rr 

<H sa^-. °1*MM ^€ ^Hl^l *3*IMfe, £ 1 *fl*l £. 15°)H ^£ -3*H^ 

3*1 ^ ^M", ^^fe #°1 P>ol^ S «-^o] ^-M-t 3j-g-^ ^ ^Cf. 

<86> £ 1 t£ goflA-l ^ O- ol^Hl^ ^*Kr ^f-^tj-. ^, 

7l^(l)ofl ^1= efloloi( 2 )^. <g>£*M, #7] i]]o]o](2) $H ^TflS eflol 

^(3)1- ^ cf-g-o.^^, jfle]^ (patterning)* Jg-*fl, ^^-^ n>ol^.^ ^l 

^1- ^1 ^-¥-^1 sM^i sfl^Hr ^JLS. #71 ##*flJL 3H°U3)°ll ^-?_>(4)-g- 

<§^*fjl, ^-g- -§-sfl ^-^fl^oH ^#(4H1 £^(plating)* *sfl ^ 
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<88> <%6\)*\ J7 5.711 <^s} Ajc eflolo](27) flS. ^S. t±X\ 

Qr^S. 3^ efl°H(15)«- ^WC£ 17). o) ^ £ 3ofl £ a1^1 ^ofl 

elM<H3 ^^-ofl cfl-§-*Hr ^-#(16)^- £ 17^ ^^<Hl^ 3.^^ #^5. 3^ Z]}o}o] 
(15)^1 jflB^* ^}<^ *§^th}. °1 ^-^^r ^"71 £ 4°\}*] sfle}^ 

E^o} aV^ij}^ ^JlS, £ 4<>fl J£a]£ ^^oflA^ A)-g-*V ^ S^l (align mark)* °l-g-*)-<*j 

<90> £ i 9 ofl £ a]^ ^cHlA^, 5. lSo\) i£Aj£ ^°\)*\ *§^& ^>(16H1 51^-§- *H 

^efl°l c H(17)l- $^#th °l <#7] £ 5°])*) ^2>\ aV4o)cf. 

<9i> £ 20<^1 -^^H^, £ 190II £Al^ ^ofl^ JE-g-jjs) i^ol 

Efl^^ CMP* ol^-srH ^"VSM^. °] £ 6<HM ^^=1 ti}4o]cf . 

<92> £ 21<HH^ £ 16 ifl*] £ 20°1H ^^tl" av-s. ^^^H, ^ A] = 

efl°H(28), WtRS. 3^ 3H<H(18) ^ =-4* efl°HU9)# ^^*}- 
*flW^ ^Al^oflA^ ^-o], h>4 ^SRr ^ £ 5<H1 £A]^ c-g-g- Jf-^H ^ eflol^ 

<93> £ 22oflA^ £ 21^ °H^, ^llfit tH 3^^}cx\ #%7$S. 3*3 eflolo) 

(20)1- ^^^>ZL, ^ z]]°)°](20) ^Hl sflEi^* v}^ n>o]3^ «-^o) q.^. efl 

^ A oHl tfl-§-£)^ ^•^•(21)* ^*VtK 
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<94> s_ 23<*}*]$r **fl ^-?J(21)* *fl£) #^ 3M°U22)» ^ 

<95> £ 24ofl^ i 23°lH -^2^ 71^(1), a]= Eflol^(2) ^ 3^#£) ^^5. eflo] 

<H(3)7> ^-Efl* JE^O] £Al£]^ fltK 

<96> ^ 24<*IMfe *Je^ 7]^:, a]c eflojo^ ^ ^^«Vrf. £. 140^ >g^^ ^^f 

-2-5., 71^-g- ^sJ-^-g-, TMAH ^z}-°»o_s, eflojo^ 

^ ^4 ^*cHH 2L^r TMAH* A}-g-*>cr| ^^l€-a- *H7l« nfl ^f;fl S7 } ^-o] ^71 

^, efl 0 !^^-^ 9= 200 CH*1 300/zm^ ^^sj^cfl a] ^ f #7] AjjE. efl o] 

^ 5000A 7>^ ^^^cf. a|2= eflol^s.^, z| ^ e fl o] 0} ^ofl ^ 

^3 O.S g^S^l ^-f M", °J^tr o^a-^ ^o] T^oflSl, Aj- 

71 #7J- A]c eflojo^l- ^7fl«H €*rfe ol =o|^ ^ ol^jL §^cf. tb^, € 

<98> £ 24^1 ^-EfloflA^ ^Z|oPofl ^^7_> #=0_3*| #7> A] = 5flo]^(27)# ^T]^ 

^. ^ ^-5- ^"^-^S-g- (remover )M- KOH, TMAHlr A>-g-§>c^ cfA] ^J-^fls. 

(15)# ^flTltr ^^s>^ £^o] i 25<H1 £^5]^ ^t^-. ^, ^^^1- n>ol 3S ^fl 
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<99> o|AVo) 7^ J£ 26^1 -Sl^m ^ 7Mb *M3L5. 
^ 5U4. 

<100> olAV^^- ^o) p)-olHj= *fl*}-*Rr ^ofl C^A^ ^*>£ 

<ioi> ev^ ; ,& i^ofl 14 s ^-g-*}^ nH^S. eflojo^s. -g-^H 

A 1 ^fl , A 3H<^ ^r*M oj-id ^Afl- ^0.7]- $14. 



<102> 2. 27 tfl*l £ 40^] b £ iJ-igafl =lj^ofl 7Ja> 7 V p>ola.S ^WHr 

7} ^35=^- ic^-onui^i ^d\] sflEi^ *3-§- ^l*}:n.b <>1*H1 ^-^^1 
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£ 27<>fl 7^ Qo) t #^-7flfi ^ 31°H(3) #°fl sflE^^ 

o>^3(40)# ^^1*>J1 Ic^M*! nfl, MM|u-)*l (expose energy)* °]<#°.S, ^Tfi 7 r *fl 

^S, n^H(40) o>sflofl -v- 0 ]^ ^7flfi eflolo|(3) w-^-^l ^ 9lt±. ^r, 

°1 ^ ^(overexpose), ^tSS 5*1 € 3^r ?M , 4^3 Sr-M 5U^r #%*V5. 3.*% A 
°H(3) ^S-H ^S\7\] ojeitr 7i^ 3flE^f ^^tr ^Ml 727} £ 

28 satf. SU-8 311^ ##7flS2] ^-f , vil^Blti. Ej-oja) 5LS.efl^l>iB^7l nfl^-ofl 

tfJL, ^#3*1 ^ -¥-£-°l ^Zf€^. nj-ej.^ , 7^ ^ oy^ 

(40) «VS. ofefl^ #^M^r S-Zf- *WZ\3L, *Pr3. tfl^lK^ o] ^.o}^ ^Z^tt ^ 

^-o] ^o) #0^^.711 °] &i *r JL32)-» ol-g-^H ^a>^o] ^-#(41)^- 

£ 28^1 ^^oflAi ^#ofl 5L^-^ -f-sfl *fl-§-o_5*| ^ 3M<H(42)» ^ 

^tr^f(5- 29). A ^tr ^^H^r n>^- 7 >^S 5L^ ^^o_S. JE-g- 

^^Ml ^nj-tVcfCi 30). £ *H bH°H(43)» ^tr^CE 31). 

^tr 3*]. ^4 ^-<a*V ^V-g-^ a]-^e>r4. # 7 1 a] = 

ell^H(43) ufA] iEL^ eflo]^( 44 )^- ^^cKs. 32 ). e^^ofl sflE^^ ^}o} 

^^ 0 1 T^tr **K45)-& ^tr^CE 33). #7l ^^>(45)<H1 ^-g- 

#4? eflolc>|(4 6 )^. ^^*luf(iE 34). ^ 31 c^H^nCE 35), zl $|6fl 

cf^l ^ V: MS. 3M°K47)* ^^*Vr4(£ 36). <#7] ^Tflfi iS^ 3M<H(47) #<>fl 

^(40)» ^H^ji, <^ o}5r>o) xj-o. ^ oflui^l* 7>^1 Hl#o.S>H d}a H 

(40)^1 7>7>^ «^.<^^s. ^s)^ £0)7} <£o>*l7fl tr^-(£ 37). ols} ^-o] n>^ 3 (4 0 ) ^ 
32 °1# S^^H^ n>^aL7> ^^1^>«^ ^-^1 3HEd^ ^^^o|l 
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£ 38°fl ^4 ^a> 7 > ^?J(48)# <*-g- ^ &nj-. ^7} ^^1U8)^} 

-§-*fl ' ^ri- ^ ell 0 H(49)«- ^tW£ 39). aj7l*H <gn} ^ °- T^JI, 

71^(1), a]c ^01^(2), ##*]]JL 3.^ 31<>H(3, 44, 47) ^ -*| — efl oj c>| ( 43 )s. ^]z| 

<107> £ 4lofl^ oRMH t^o)] JL^3§t)] 3 ^ n>o] 3 ^ «-^o) tfljg: 

JO- 9= ^*Rr ^i^7> olcf. 
<ios> j= 41^1 i^s} ^ ^o) ( ^o\) of^ JL^^a] 3^ p>o]hS. cfl^ 

«o v ^£-, ^l^*VJi^>^ D>oia. s n7fl^ eflojc^^ ^-^-^ ^741 (SI), 

^ k-fr OiLS 4^Rr ^](S2), k<^1 1^ t^M *fl3-£ *H>*B^ #31 (S3), 

7l#<Hl aIje. eflo]^!- ^-7i](S4), a]= efloH ^^j 

^ ^1(S5), BflE-^ o. jg.^ SL^o\) ~4=. eflol^-g. ^7_Kg- ^)( S 6), 

o.^ ^ efl^l^l- ^*Rr ^](S7), 3H<H<4 #^ flJL <£p>^ #7}1(S8), 

k*i*il ^ eflojo^^ k+l^^fl ^ efloH^l yfl^]^ ^)^7> cj-^j 33-o]^b 

31 (S9), -8-71 ^7]1(S9HH k«l^ ^ 3M<H<4 k+l«I*i| ^ elH<^ ^°1 ^uj- 
tifl^l^ 5]*)7} rf^ ^-f-, o^ D >^ ^ °)o\] efloio^^. %^f>}±= #31(S13), 

<£v}Q ^ ij^ofl #^-*fllL# iS^*Hir ^-TlKSlO), k7> n^- ££rX] ^*>o^ ( k7 > n ^ ^1 ^ 
A ^7l ^-741(S3)^ £]l-o>7l- ZL o]^ ^^s.^. a>4 ^*^>^ ^Tfl(Sll), k7> ^ 
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^4- 7i#, ##t|s £ a)= efloi^^ aiz|sM €*Kr #^ # 

fi*Hr #3](S12)3. 

<109> ol^VoflA-] U ^ ^-o], ^. ^-^ofl o}^, ^slH MEMSM", LIGA 7l#^H €fl^^ 

^M^o-S,^, ^Aj-o]e| £ a. ^ofl rtf^ ojsj)^ ^oj 

7Hf*}th 

A o v #^ *V^£]^ ovq^, m^^o} ^SHr £ ^ 

*1 ^^7} 7>^1- ^o)cf. 
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1] 

#31 (a); 

71 #41 A]£L eflol^^. #7ll(b); 

#7] Al= sflolc^ o^ofl ##7fljL# i^Sl JjMflS. ##7fllL 3.^ E|olo]t ^ 

^*Rr # 31(c); 

3fl^* *«fl, ^"71 #3l(aHH n>o]a^ *Mg-<^ Eflojo^ ^flxg-^ i£ 

#-§- ^^r-i: A oM ##3lS. eflol^^ ^^§>^ #31 (d); 

^"71 £^-§- ^#4] JE## *fl$H efl^Ht ^ ^ # 31(e); 

A oM ^ efl^H^ av 7 ] ^7fls efloHo) ^.g. sj^j-Ti] ^V^fe #31 (f); 

^"71 #31(0^ l%3$i5}7l) # ^7flS» ^}S. 3.^^ ##7.fl 

^Hf CfA] ^^§>^ #7]l(h); 
A o v 7l #3l(aHH ^1°11S ^7l #31 (d) ^H^l ^7l #31(h)§ #4^H 

€ 3H<H<Hl cfl-g-^ ^ elWHl- 3f^>#*l ^*Kr #3l(i); ^ 

A o V 7l #3l(i)7> * , 7l#, ##7flS 3.^ ^ ^]]o)o]^. M z^o} ^T^V^ 

*}o"|£lS. ^* gfe #3l(j)l- i#«Hr ^SLS. Jl^ti) 3 ^ nj-olii^L 

21 ^ ^> « 0 >^. 
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2] 

aflrM ^-Tfl(f) * -SM ^Tfl(h) 40]^, ^Tfls 3.^ *IM<H7> eh 

^^£l7l ^ofl, 5g5gs>7fl <gn>^ t3 $M ^ 3l°HJ±cf ^ a]= eflo] 

3] 

^$°-3, *>fe -Hf^wl 3*>-& °>°la.S tfl^= «^ . 

4] 

^<L3- is}^ Jl^^wl 3*HS n>o]a. S cfl^ aJaV ^ 

[^t 1 * 5) 

*fll*J- EE^- ^12%H] XI^a^ AV7I # 31(c) ^ ^Tfl(f)^ # 7 1 ^^ol 3. # 

Mfi-i- Af-g-^H 200 vfl^l 300//m2l -^.S. 3M<H* *g^sH=. ^-g- £^io s 
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f 

0200, 
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6] 



Cfl^= ^ «o V ^ 



7] 

€3 ^3 ^A> 7 > ^;$S) 5.^ ^ ^<L3. <5Rr Jl#^«l 3^ *}<>l3S 

-¥-#3 



81 

3)^.3. ^ -11^*1 3^ d>o1=l S *L^cq cfl^= ^a> w o >^. 
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[^n 1 * 9] 
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